Human neurospheres are free-floating spherical clusters generated from a single neural stem cell and comprising cells at different stages of maturation in the neuronal and glial lineages. Although recent findings have disproved the original idea of clonally derived neurospheres according to the paradigm of one stem cell -one neurosphere, they still represent a valid model for growing neural stem cell cultures in vitro. While the immunocytochemical approach to the identification of stem cells, progenitor cells, and mature cells has been extensively used, scant data are available about the ultrastructural arrangement of different cell types within the neurosphere. This paper provides, by means of scanning electron microscopy, some new insights into the three-dimensional assembly of human neurospheres, trying to correlate some parameters such as cell density, shape and growing strategies with the immunolocalization of some antigens such as nestin, GFAP, α-internexin and βIII-tubulin. The major findings from this study are: a) regardless of the stage of in vitro maturation, the growth of the spheres is the result of mitotic divisions producing the aspect of an irregular budding mechanism in the outermost layer look like; b) analysis of the volumetric composition of the inner core has revealed the presence of two alternative shape pattern (pyramidal vs rounded cells) possibly related to both the ongoing maturation stages and GFAP and internexin expression.
introduction
In the last decade, a new boost to the understanding of neurodegenerative mechanisms has come from the discovery of three-dimensional floating cultures, called neurospheres that growth in vitro in a "morula"-like fashion [1, 2] . Originally interpreted as neural stem cell (NSC) reservoirs, those embryoid bodies have been found by biochemical and molecular evidence to harbour a heterogeneous cell population comprising neural progenitors and precursors [3] [4] [5] [6] [7] . An interesting feature is that neurospheres isolated from different regions of the developing or adult brain display unique characteristics with regard to growth, differentiation, and gene expression [8] [9] [10] . Therefore, despite not being selectively committed [11] , they maintain distinct regional and temporal identities.
Since then, the "neurosphere assay" has been extensively explored as a bona fide method to define and measure NSCs behavior [12] but several caveats have been raised regarding the application of clonal features to those dynamic structures [13] . On the other hand, neurosphere culture systems represent intriguing models by reason of their intrinsic multipotency, which is easily triggered by withdrawing basic mitogens (EGF and FGF-2) and ultimately leads to the maturation of all the neuronal and glial lineages [14] capable to develop in vitro, such as monolayered cells. However, their morphological and biochemical characterization at single cell level has almost exclusively relied on the use of immunocytochemical markers applied to sectioned neurospheres [15] or neurosphere-dissociated cells [16] . Indeed very few studies have investigated the closer spatial relationships between cells based on their volumetric assembly by means of ultrastructural approaches [17] [18] [19] in particular by using transmission electron microscopy. Therefore, this study set out to explore, by scanning electron microscopy (SEM), both intact human neurospheres and their fragments at different in vitro stages, to assess the effectiveness of this method in providing further information, in association with the immunolabeling of neural stem cells and their progeny. In this sense, our aim was to fill the correlation gap between the rigorous definition based on gene and/or protein expression (the latter also addressed by this paper) and the dramatic complexity of shape and geometry in contacting cells ultimately committed to building a three-dimensional model. The slices mounted on aluminum stubs were coated with 10 nm of pure gold in a Emitech K250 sputter-coater.
experimental procedures
All the specimens were observed with a Philips SEM-FEG XL-30 scanning electron microscope operated at 10kV.
results
Human neurospheres observed with an inverted microscope showed after some mitotic divisions a unique morphological feature due to appearance of cilia-like protrusions emerging from the outer cells, which tended to be reabsorbed with senescence ( Figure 1A ). Figure 5A , where many cell bodies are pyramidal in shape, often with long processes asymmetrically expanding in Figure 3 . Scanning electron microscopy of a whole undifferentiated neurosphere.
A. Scanning electron microscopy of a whole undifferentiated neurosphere taken at 2 weeks in vitro characterized by an irregular surface comprising both various projections and budding elements. At higher magnification photomicrographs show scattered and multidirectional crests sprouting from the outer profile (B) alternating to a network of rounded-like cells emerging from a smoother outline. 
discussion

